ABSTRACT.-Dissection of 1198 specimens of 15 species of Australian Ramphotyphlops, combined with observations in the field and in captivity, provided information on the natural history of this group of small, fossorial scolecophidians. Females consistently outnumbered males in museum collections, and were larger than males in all species. Dimorphism in adult body size was determined mainly by dimorphism at maturation, and tended to be more extreme in larger species. Clutch sizes of 1-34 eggs were recorded, and were correlated with maternal body size in interspecific (and some intraspecific) comparisons. Reproduction seems to be highly seasonal, with the eastern R. nigrescens showing mating and vitellogenesis in spring, oviposition in midsummer, and hatching in autumn. Incubation is relatively brief in this species (approx. 48 days at 25 C). Stomachs of four species contained mostly (93-97%) ant pupae and larvae, of several genera. Termites, ant eggs, and adult ants were rarely eaten. Individual blindsnakes contained up to 1400 prey items. Larger typhlopids ate larger prey items in both intraspecific and interspecific comparisons. Perhaps because of its wider mouth, R. pinguis consumed larger prey items than did R. nigrescens of similar body lengths.
The Infraorder Scolecophidia consists of three families of small, fossorial snakes with eyes reduced to darkly pigmented spots beneath enlarged head scales. Although scolecophidian snakes are diverse and abundant throughout most of the world's land masses, they have attracted far less scientific attention than have the larger and more spectacular henophidian and cenophidi~species. The single scolecophidian genus for which detailed data are available is Leptotyphlops, the only North American representative of the group (e.g., Watkins et aI., 1969; Punzo, 1974) . Although the Typhlopidae are more speciose and widely distributed than other scolecophidians, their ecology remains virtually unstudied. For example, the extensive review of Fitch (1970) on squamate reproduction has only a single page devoted to the 150 species in this family.
Information on phylogenetically distinctive taxa such as the scolecophidians is essential for any overall view of the diversity of life-history adaptations among snakes. Many life-history characteristics are strongly constrained by phylogenetic conservatism, so that the current concentration of research on cenophidian snakes may significantly impair our ability to detect and interpret general patterns in ecological variables (e.g., Dunham et aI., 1988) . Apart from the intrinsic interest of this little-known group, the Australian typhlopids offer excellent material for comparative analysis of life-history patterns: all species are morphologically similar, but differ strikingly in overall size, habitats, and geographic distribution. Typhlopids occur virtually throughout mainland Australia, and '. in many areas are relatively abundant. The present paper is based primarily on dissections of specimens in museum collections, supplemented by observations in the field and on reproduction in captivity. Our aim is to document the basic natural history of some of the common Australian taxa within this group.
MATERIALS AND METHODS
We examined all available specimens in the collections of the Australian Museum, Museum of Victoria, Queensland Museum, South Australian Museum, and Western Australian Museum. For each specimen, we recorded snoutvent length (SVL) and made a midventral incision to determine gender, to assess reproductive status (criteria for sexual maturity were: males-turgid testes or enlarged efferent ducts; females-thickened oviducts, oviductal eggs, or ovarian follicles >5 mm), and to look for stomach contents. Numbers and diameters of enlarged ovarian follicles and oviductal eggs were recorded. Prey items from the alimentary tracts of four species were removed, and identified using published keys (Greenslade, 1979) . Although stomachs, small intestines, colons and rectums of preserved blindsnakes were often empty, caeca were usually full of material. Hence, caeca from 25% of the specimens were removed and examined. Vernier calipers were used to measure the lengths of the largest prey item in each snake, and the width of the mouth of each typhlopid. Data on general behavior and reproduction of typhlopids were obtained during fieldwork, and by maintaining gravid females in captivity.
RESULTS
A total of 1198 specimens of 15 species was examined. Twelve of these species were in sufficient numbers to warrant calculations of mean adult body size (Table 1) . The sexes are easily distinguished externally by the much greater relative tail length of the male (e.g., in R. nigrescens, analysis of covariance of tail length versus SVL gives F, = 84.35,1,154 df, P < 0.001). There was a consistent tendency for adult females to outnumber adult males in museum collections (true in 13 of 15 samples in Table 1 ; against a null expectation of 50%, x2 = 19.7, 1 df, P < 0.001). Females also attained sexual maturity at larger sizes than males, grew to larger maximum sizes, and had significantly larger mean adult body sizes, in all samples for which sufficient data were available for valid tests (ttests of data in Table 1 ). This sexual difference in body size is very marked, with the ratio of mean female to male adult body sizes averaging 1.32 (SD = 0.13), and ranging from 1.14-1.62.
Interspecific comparisons showed that male and female body sizes were highly correlated both atsexualmaturation (N= 11,r=0 .87,P < 0.001) and at mean adult size (N = 13, r = 0.90, P < 0.001). However, the slope of this latter regression was significantly lower than 1.0, being 0.59 (95% confidence limits = 0.40-0.79); this sug-. gests that sexual dimorphism in body size was more pronounced in larger species. The ratio of female to-male body size at maturation and at mean adult SVL was highly correlated (N = 11, r = 0.72, P < 0.05), and the same was true if this analysis was based upon residuals from general regressions, to overcome statistical problems inherent in the use of ratios (N = 11, r = 0.72, P < 0.05). These analyses suggest that about half of the interspecific variance in extent of sexual dimorphism in mean adult body size of these snakes is attributable to differences between the sexes in the size at which sexual maturity is attained. There was no apparent correlation between mean adult female SVL and offspring size (estimated as the length of the smallest specimen measured: N = 11, r = 0.20), probably because of low interspecific variance in estimated offspring sizes (8-11 cm). Dissections of gravid females of five species (R. bituberculatus, R. ligatus, R. nigrescens, R. polygrammicus, and R. proximus) revealed thickshelled oviductal eggs, indicating that all are oviparous. Egg-laying was also recorded in three captive R. nigrescens, and eggs of this species were found in the field (see below). Counts of enlarged ovarian follicles and oviductal eggs in museum specimens revealed a wide range of clutch sizes (1-34), with species means from 3 to 13 (Table 2 ). Mean clutch size was highly correlated with mean adult female body size in an interspecific comparison (N = 9, r = 0.79, P < 0.01). A similar correlation was evident at the intraspecific level in R. nigrescens (N = 18, r = 0.74, P < 0.001), and was close to significance in R. australis (N = 11, r = 0.60, P = 0.051) and R.weidii (N = 21,r = 0.40,P = 0.069).However, data for three other species did not reveal significant correlations, probably because sample sizes were too small to provide adequate power (R. bituberculatus, N = 8, r = 0.40, P = 0.33; R. ligatus, N = 5, r = 0.78, P = 0.12; R. proximus, N = 18, r = 0.22, P = 0.38).
Examination of ovarian follicles in dissected typhlopids suggested that most species have highly seasonal reproductive cycles, with vitellogenesis in spring (September to November) and oviposition in summer (December to February). Data are most extensive for the eastern Australian R. nigrescens ( Fig. 1 ), but the same pattern seems to apply generally. Of 31 records of reproductive female typhlopids (gravid, or ovarian follicles> 10 mm diameter), 26 (84%) were collected in the three months from November to December. This seasonal timing of reproduction is consistent with our field observations of aggregations consisting of one adult female and one to three adult males in September, October, November, December, and January (R. nigrescens), and October (R. weidii). Other records of oviposition and hatching fit the same schedule. A clutch of eggs of R. nigrescens was found near Torrington, New South Wales, on 9 February 1974, under a large flat rock on soil. Incubated at room temperature, the eggs hatched on 29 April. A female R. nigrescens of 50.7 cm SVL, collected on the outskirts of Sydney, N.S.W., on 24 November 1981 deposited 14 eggs on 31 January 1982. The eggs ranged in size from 19 x 8-24 x 12 mm, and averaged 1.78 g (SD = 0.25, range = 1.01-2.14 g). Relative Clutch Mass (RCM; clutch mass divided by post-oviposition female mass) was 0.66. These eggs were incubated in moist vermiculite at one of three constant temperatures: 22, 25, or 30 C. The four eggs at 30 C hatched on 2 March, after 30 days incubation (three male, one female hatchling). Five eggs at 25 C hatched on 20 March, after 48 days (three males, three females), and two eggs at 22 C hatched on 11 and 13 April, after 70 to 72 days. Hatchlings averaged 119.5 mm SVL (SD = 11.28, range = 97-133 mm) and 1.26 g (SD = 0.122, range = 0.92-1.39 g). Another adult female R. nigrescens, collected under a rock with a male in the same area at the same time as the female discussed above, laid four elongate eggs on 27 January 1982. The eggs were 29 x 8-34 x 8 mm in size, and averaged 1.39 g (range 1.21-1.53). The female was 32.5 cm SVL, and had a RCM of 0.74. One egg dissected soon after ovi- The offspring ranged in SVL from 102-114 mm, and in m<\Ssfrom 0.92-1.16 g. Of 727 preserved typhlopids that we examined for gut contents, 117 (16.1%)contained prey items. A further 107 typhlopids had ingested only small amounts of soil. Ant pupae and larvae were the main prey items found in the stomachs of the four Ramphotyphlops species we examined (Table 3) . Ant pupae made up 67-93% of the total diet of each species except R. pinguisi in this species, ant pupae constituted 36%, and ant larvae 61%, of our total dietary sample. Adult ants comprised less than 10% of prey items in each species, and less than 3% overall. Ant eggs were also found only rarely, but because of their small size they may have been digested more rapidly and hence not detected. Alate termites were found in the stomach of one specimen of R. australis. The mites found in the alimentary tracts of R. australis and R. nigrescens may have been ingested along with the soil, or have been parasitic on pupating ant larvae.
Analysis of caecal contents revealed that nearly all caeca contained fine particulate matter (perhaps partly digested material from inside larvae and pupae), and sand grains. The caeca of most typhlopids did not contain identifiable prey items, even in specimens that contained identifiable prey items in their alimen- tary tracts. A few caeca contained incomplete ant heads and legs, but these were not identifiable to the generic level.
The number of prey items ingested by individual typhlopids ranged from 1-406 for R. australis, 1-382 for R. bituberculatus, 1-1431 for R. nigrescens and 1-49 for R. pinguis. Many specimens contained more than 20 prey items, suggesting that typhlopids may often gorge themselves when feeding in an ant nest. Identification of adult ants and developing ants removed from pupal cases revealed that R. nigrescens fed on the pupae and larvae of ants from 8 genera (Table 4). Only a single prey species was found in each snake, except for one specimen that had ingested pupae and larvae from two species of ants of the genera Campanotus and Tetramorium. Our sample of R. pinguis contained only the pupae and larvae of one ant genus, the very large "bulldog" ants (Myrmecia). Fig. 2 graphs the length of the largest prey item ingested against predator body length for the four species of Ramphotyphlops examined. An overall correlation between prey size and predator size was evident both intraspecifically and interspecifically, but there were significant differences in this relationship between species. For example, the maximum size of prey items ingested was larger in R. pinguis than in R. nigrescens of equivalent body lengths (analysis of covariance of data in Fig. 2: F. = 5.28, I, 61 df, P < 0.05). We hypothesize that this prey-size difference might be due to morphological differences between the two species. In particular, the relatively stouter-bodied R. pinguis may be able to ingest larger ant pupae because of its wider mouth (analysis of covariance of mouth width relative to body length confirms that R. pinguis has a wider mouth than does R. nigrescens at the same body length: F. = 4.34, I, 37 df, P < 0.05). Nonetheless, despite its relatively narrow mouth, R. nigrescens was capable of eating the largest ant pupae available in the Sydney region (those of the ant genera Myrmecia and Campanotus: see Table 4 ). Captive R. nigrescens fed on larvae and pupae of the ant genera Campanotus, Polyrachis and Rhytidoponera. Adult ants were ignored by the feeding typhlopids, and the only adult ant ingested was a Rhytidoponera worker that held onto a pupal cocoon as it was consumed. It seems likely, therefore, that adult ants are only ingested accidentally and are not common prey of the four Ramphotyphlops species examined to date.
Museum registers also provided interesting ecological data on typhlopid habits. Most specimens were collected under cover (rocks or logs), but several were moving actively across the ground surface at night when collected. One R. nigrescens (Aust. Mus. R10183) was found 5 m above the ground in a she-oak (Casuarina). In our own field experience, Ramphotyphlops are most easily collected under superficial cover after prolonged drenching rains, which presumably force the snakes up to the soil surface.
DISCUSSION
The natural history of the Australian typhlopids shows some broad similarities to that of other Australian snakes, but also a number of unique characteristics. All typhlopids appear to be primarily fossorial, but the record of arboreality in R. nigrescens fits well with similar observations on leptotyphlopids (Vanzolini, 1970) , the Australian R. australis (Chapman and Dell, 1975) , and R. braminus (Swanson, 1981) . To a scolecophidian following ant-trails, there may be little difference between underground and arboreal trails. Below, we review some of the major results from the data presented above.
The consistent trend for females to outnumber males in museum collections of typhlopids is also seen in fossorial elapid snakes (Shine, TABLE4. The number of individual blind snakes containing prey items identifiable to genera. The total number of specimens of each species of Ramphotyphlops containing prey items identifiable to generic level is shown in parentheses (N). 1988). The likely explanation for this trend is that males suffer higher mortality as a result of mate-searching behavior. An alternative explanation, that skewed tertiary sex ratios result from skewed sex ratios at hatching, has been demonstrated for some other reptilian taxa in which the sex of the embryo is determined by thermal conditions experienced during incubation (e.g., Bull, 1980) . However, although sample sizes are small, laboratory incubation data from the present paper indicate that offspring of both sexes are produced at both 25 C and 30 C. Thus, temperature-dependent sex determination is unlikely to be the explanation for skewed sex ratios in collections of adult typhlopids.
The trend for females to attain larger body sizes than males is another point of similarity between typhlopids and many other snakes (Shine, 1978) , and indeed most fossorial reptiles (Fitch, 1981) . The degree of sexual size dimorphism in these Australian species is similar to that reported for other typhlopids, and greater than in most other reptilian species (Fitch, 1981) . The combination of evolutionary advantages and disadvantages resulting in such dimorphism is difficult to evaluate. Observations of two or more males together with a female during the mating season, without any overt aggression, suggest that male-male combat is unlikely to be important, and hence that the mating system may be similar to that described in a variety of acrochordid, colubrid and boid snakes (e.g., Slip and Shine, 1988) . If so, there may be little reproductive advantage to large body size in males. Large body size in females may enhance fitness if clutch size or reproductive frequency increase with body size; the former seems to be true in at least some species of Ramphotyphlops. The apparent absence of such a relationship in other taxa may be an artefact of combining data from geographically widespread specimens (and possibly, cryptic species), or of errors in inferring clutch sizes from counts of enlarged ovarian follicles (Nussbaum, 1980) . In keeping with the latter suggestion, restriction of analysis to gravid specimens increased the correlation coefficient between maternal SVL and fecundity in both R. nigrescens (from r = 0.74 to 0.95) and R. proximus (from r = 0.22 to 0.53). Relationships between absolute body size and the degree of dimorphism are widespread, but-as in the present case-are difficult to interpret (e.g., Berry and Shine, 1980) . It is likely that most or all of the Australian typhlopids are oviparous. The southeastern R. nigrescens has relatively advanced embryos at oviposition, and a correspondingly brief incubation period. However, it is not as extreme in these respects as some African typhlopids (Erasmus and Branch, 1983 ). The pronounced development of the eye in early embryonic stages indicates that the typhlopids have secondarily lost larger and more elaborate visual systems. This atrophy may have evolved because it conferred some advantage (e.g., reduced vulnerability of the eyes to hymenopteran attacks), or more simply because typhlopids rely on scent rather than vision.
Most temperate-zone Australian squamates show vitellogenesis in spring, oviposition in early summer, and hatching or parturition in late summer or autumn (e.g., Shine, 1985) . Typhlopids fit this general pattern, but are at least a month later in these respects than are most sympatric elapid snakes. Typhlopids are also unusual in being the only Australian snakes . that feed on invertebrates to any significant degree (e.g., Shine, 1988) . Social hymenopterans, especially ants, seem to be the primary food of most scolecophidians, although at least one leptotyphlopid species eats a wide range of so£1-bodied insects (Punzo, 1974) . Similarly, Mitchell (1961) recorded weevils, earthworms, grubs, and woodlice, as well as ants and termites, in stomachs of two Australian Ramphotyphlops species. In contrast, our data on four species (including the very large and heavy-bodied R. pinguis) suggest a marked specialization on the larvae and pupae of ants. The absence of termites in our relatively large sample size of stomach contents of R. nigrescens suggests that that they are seldom eaten by this species. Typhlopids occurring in the arid zone (such as R. australis) may be more likely to feed on termites, and future work on these species would be valuable. Leptotyphlopids use chemical defenses to deter attacks by ants (Watkins et aI., 1969) and Ramphotyphlops may have similar abilities. Such a mechanism might help to explain how a small animal like Ramphotyphlops can feed on the larvae and pupae of large ants, especially taxa such as Myrmecia that defend their nests with great vigor and powerful venom. The ability of the snakes to enter these nests is shown both by stomach contents and by direct observation (MacCulloch, 1909) . The pungent cloacal secretions of Ramphotyphlops may well be important in this respect, and further studies of these abundant but poorly-known snakes would be of great interest.
